Pharmacological strategies for overcoming multidrug resistance.
Multidrug resistance (MDR) is a major obstacle to the effective treatment of cancer. One of the underlying mechanisms of MDR is cellular overproduction of P-glycoprotein (P-gp) which acts as an efflux pump for various anticancer drugs. P-gp is encoded by the MDR1 gene and its overexpression in cancer cells has become a therapeutic target for circumventing multidrug resistance. A potential strategy is to co-administer efflux pump inhibitors, although such reversal agents might actually increase the side effects of chemotherapy by blocking physiological anticancer drug efflux from normal cells. Although many efforts to overcome MDR have been made using first and second generation reversal agents comprising drugs already in current clinical use for other indications (e.g. verapamil, cyclosporine A, quinidine) or analogues of the first-generation drugs (e.g. dexverapamil, valspodar, cinchonine), few significant advances have been made. Clinical trials with third generation modulators (e.g. biricodar, zosuquidar, and laniquidar) specifically developed for MDR reversal are ongoing. The results however are not encouraging and it may be that the perfect reverser does not exist. Other approaches to multidrug resistance reversal have also been considered: encapsulation of anthracyclines in liposomes or other carriers which deliver these drugs selectively to tumor tissues, the use of P-gp targeted antibodies such as UIC2 or the use of antisense strategies targeting the MDR1 messenger RNA. More recently, the development of transcriptional regulators appears promising. Also anticancer drugs that belong structurally to classes of drugs extruded from cells by P-gp but that are not substrates of this drug transporter may act as potent inhibitors of MDR tumors (e.g. epothilones, second generation taxanes). Taking advantage of MDR has also been studied. Bone marrow suppression, one of the major side effects of cancer chemotherapy, can compromise the potential of curative and palliative chemotherapy. It is conceivable that drug resistance gene transfer into bone marrow stem cells may be able to reduce or abolish chemotherapy-induced myelosuppression and facilitate the use of high dose chemotherapy. Clinical trials of retroviral vectors containing drug resistance genes have established that the approach is safe and are now being designed to address the therapeutically relevant issues.